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MINOS (Main Injector Neutrino 
Oscillation Search) Far detector

~5 kTon

beam and
near detector

•Conventional muon neutrino beam 
from charged pion decays. 

• Near detector is at 1.04 km from 
target (Fermilab) and far at 735 km 
(Minnesota). 

•Measure spectra at near and far to 
search for muon neutrino 
disappearance or electron appearance.



Horn focused muon neutrino beam

• 120 GeV protons from Main Injector

• Parabolic magnetic horns to sign select pions. 
Target can be moved to change beam energy. 

• 10 sec pulses/2.2 sec, 3.3 1013protons/pulse

• Beam:  ~ 95%, anti- ~4%, e~1.3%

•  and anti-  measured. e constrained with 
tuned Monte Carlo. 



Far Detector 

Near Detector 

•Massive

•1 kt Near detector (small 
fiducial) 

•5.4 kt Far detector

•Similar as possible

•steel planes

•2.5 cm thick

•1 Muon ~ 27 planes

•1.4 radiation lengths 

•scintillator strips

•1 cm thick

•4.1 cm wide

•Molier radius ~3.7 cm

•Wavelength shifting fibre 
optic readout

•Multi-anode PMTs

•Magnetised (~1.3 T)



μCC Event NC Event
eCC Event

long μ track+ hadronic 

activity at vertex

short, with typical EM 
shower profile

short event, often diffuse

3.5m 1.8m 2.3m
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Selecting e events
• Basic cuts to ensure data quality:

•Beam quality and detector quality cuts.

•Fiducial volume cuts:

•Cosmic rejection cuts based on steepness.

•   e preselection cuts to reduce background.

•   e selection cuts based on shower topology

Preselection requirements:
Track length < 25 planes.
Track like length < 16 planes.
Reconstructed energy 1-8 GeV.
At least one shower and 4 

contiguous planes with > 0.5 
MIP energy units.



Primary method m2
32=0.0024eV2



Selecting e events with Library Event Matching (LEM)
(fraction of electron neutrino events in 50 best matches)

•Select 50 best matches according to the 
likelihood that two events have the 
same hit pattern in position and energy 
deposition. Use large MC library. 

•Construct discriminant variables from 
the properties of the 50 best matches, 
eg. fraction of the 50 best matches that 
are e CC.

•Build a likelihood from 3 variables as 
function of energy. 

With a cut of LEM>0.65:
signal efficiency 46%
NC rejection >92.9%
CC rejection >99.3%
signal/background 1:3 

Secondary method 
(systematics need checking)

m2
32=0.0024 eV2, 

sin2
23=1.0
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Beam extrapolation

•MC used to correct

•Fiducial mass

•Energy smearing

•CC oscillation 

•PID efficiency for

•detector diff.

•Fibers

•readout 

•light level

•gain calibration

•cross talk, etc. 

similar for 
LEM

ANN far   5524 (near) X 1.3 10-6 X 4000 ton/29 ton X 3.14 1020  POT /1019POT 

               31 events  => further corrections => 27 

LEM far  3528 (near) X 1.3 10-6 X 4000 ton/29 ton X 3.14 1020  POT /1019POT

           20 events => further corrections => 22

To get more accurate answers need to separate CC (with invis. muons) and NC 
backgrounds, use spectrum and account for detector differences. 
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Horn on spectrum has 
both CC NC contributions 

Horn off has mainly NC 
because CC have longer 
muons and get rejected 

5524 evts
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ANN (Primary):

observe 39 events
expect 29 +- 5(stat) +- 2(syst)

discrepancy between MRCC data and 

MC is very similar to the discrepancy 

in standard data and MC, both in 

shower shape and energy. We can 

correct the MC by this discrepancy. 

Total NC μ CC  CC e beam 

Horn 

on/off 
27 18.2 5.1 

1.1 2.2 

MRCC 28 21.1 3.6 

Two methods agree



Muon removed electron added
•Adding the electron to the muon removed events, present good 

agreement in PID. 

•Verification of signal selection efficiency. 

•We observe a total of 159 events. 
•We expect 152±13(stat)±12(sys) events.

•We observe a total of 180 events. 

•We expect 176±13(stat)±16(sys) events.



ANN (Primary Selection Method)

Observation: 35 events

Expected Background: 27 +- 5(stat) +- 2(syst) events



Far Data Distributions



LEM (Secondary Selection Method)

Observation: 28 events

Expected Background: 22 +- 5(stat) +- 3(syst) events
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m2
32 & sin2(2 23)

Allowed region ( m2>0)

•

CP=0)

CP=0)



7.0 x1020 POT

Future limit if excess cancels 
with more data.

Future measurement if data 
excess persists.

We have already  doubled  the data set. 
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RUN I

1.27x1020 POT

Higher 

energy 

beam

0.15x1020 

POT

RUN II

1.87x1020 POT

RUN III

>3x1020 POT

2006 μCC publication
2008 μCC pub.

e results

Run III
Ongoing,

not analysed 
yet



e

Uncertainties on the flux in the region of 
interest are ~10%.


